The Tuxtla Volcanic Field (TVF) is a basaltic volcanic field emerging from the plains of the western margin of the Gulf of Mexico in the Mexican State of Veracruz. Separated by hundreds of kilometers from the Trans-Mexican Volcanic Belt to the NW and the Chiapanecan Volcanic Arc to the SE, it stands detached not only in location but also in the composition of its rocks, which are predominantly alkaline. These characteristics make its origin somewhat puzzling. Furthermore, one of the large volcanoes of the field, San Martin Tuxtla, underwent an eruptive period in historical times (CE 1793). Such volcanic activity conveys particular importance to the study of the TVF from the perspective of volcanology and hazard assessment. Despite the above circumstances, few investigations about its internal structure have been reported. In this work, we present analyses of gravity and aeromagnetic data obtained from different sources. We present the complete Bouguer anomaly of the area and its separation into regional and residual components. The aeromagnetic data were processed to yield the reduction to the pole, the analytic signal, and the upward continuation to complete the interpretation of the gravity analyses. Three-dimensional density models of the regional and residual anomalies were obtained by inversion of the gravity signal adding the response of rectangular prisms at the nodes of a regular grid. We obtained a body with a somewhat flattened top at 16 km below sea level from the inversion of the regional. Three separate slender bodies with tops 6 km deep were obtained from the inversion of the residual. The gravity and magnetic anomalies, as well as the inferred source bodies that produce those geophysical anomalies, lie between the Sontecomapan and Catemaco faults, which are proposed as flower structures associated with an inferred deepseated fault termed the Veracruz Fault. These fault systems along with magma intrusion at the lower crust are necessary features to understand the origin and structure of the TVF.
Introduction
The Tuxtla Volcanic Field (TVF), also known as Los Tuxtlas Volcanic Field or Los Tuxtlas Massif, is an isolated basaltic field emerging from the lowlands of the western margin of the Gulf of Mexico. It lies in the Veracruz Basin, in the Mexican State of Veracruz ( Fig. 1 ) 230 km to the SSE of the easternmost tip of the Trans-Mexican Volcanic Belt (TMVB), and about the same distance from El Chichon volcano to the SE, in the Chiapanecan Volcanic Arc. Due to its separation from these volcanic chains, as well as to the alkaline composition of its rocks, the origin of this volcanic field has been an intriguing question for many investigators of the Mexican geology (e.g. Pichler and Weyl, 1976; Robin, 1976; Thorpe, 1977; Cantagrel and Robin, 1979; Nelson et al., 1995; Verma, 2006) . However, until now there is no general agreement on this question (e.g. Nelson et al., 1995; Verma, 2006) . The TVF has received less attention than other volcanic areas of Mexico despite being the site of a volcanic eruption in historical times (San Martin Tuxtla volcano, 1773) . Nevertheless, because the western margin of the Gulf of Mexico has been widely studied, mostly from the perspective of oil and gas exploration, several geophysical surveys have included the TVF. In particular, the area is marked by conspicuous gravity and geomagnetic anomalies circumscribed to the field. Although these signals had not been analyzed in a volcanological context, they offer insight into the structure of this volcanic field. We carried out such analysis aiming to infer the internal fabric of this volcanic field.
Geology and tectonic setting
The TVF lies in the middle of the Veracruz Basin; a Tertiary NNW trending basin extending from the eastern tip of the Transmexican Volcanic Belt to the Salina del Istmo Basin (Padilla y Sánchez, 2007) . It lies approximately 230 km from the tip of the Trans-Mexican volcanic belt (TMVB) and El Chichon volcano to the SE and 350 km from the closest point on the Pacific trench. The subducting slab beneath this region, if present, is much deeper than 150 km as judging from the extrapolation of seismic foci. Analyses of receiver functions yield no evidence of the subducted plate interface (Espíndola, 2009; Melgar and Perez-Campos, 2010) , although recently Kim et al. (2011) also based on receiver functions, interpreted some phases as transformed at the interphase with a relic slab some 50 km below the TVF. They propose that it was the result subduction of oceanic lithosphere, before the collision of the Yucatán Block with Mexico, about 12 Ma ago. Geology after Nelson and Gonzalez-Caver (1992) ; faults after Andreani et al. (2008) . Melgar and Perez-Campos (2010) found similar depth to the Moho underneath the TVF pointing out to the existence of significant azimuthal variations in the depth estimations. Zamora-Camacho et al. (2010) also used receiver functions to estimate crustal structure underneath three stations deployed around San Martin Tuxtla volcano. They inferred an interface at a depth of about 28 km for rays arriving from the NW, and about 34 km for rays arriving from the east and south, they proposed this interface as the Moho. They also deduced another velocity contrast at depths between 10 (for rays from the NW) and 14 km continental basement and sediments deposited from early Miocene.
The Veracruz Basin
The Veracruz Basin developed over the eroded structures of the Zongolica fold-thrust belt and extended to the east towards the Gulf of Mexico (Sawyer et al., 1991; Prost and Aranda-Garcia, 2001 ). The TVF offshore is located at the margin of the Campeche Salt shelf and south of the Laguna Madre-Tuxpan (LMT) shelf, an extensive geologic province that spans the western Gulf of Mexico (Padilla y Sánchez, 2007; Le Roy et al., 2007) . Le Roy et al. (2007) carried out a structural analysis of the area based on seismic profiles, digital elevation models, and satellite imagery. The study is focused mostly on the LMT shelf, but it offers information about the regional tectonic and geologic characteristics of the Veracruz Basin. As stated by these authors the basin evolved during the Mesozoic and Cenozoic. In the early Mesozoic, the Mexican margin was divided by rifting into a series of basement blocks separated by a thinned continental crust (Le Roy et al., 2007) . During the Jurassic and Cretaceous post-rift subsidence favored the deposition over the basement blocks of platformal carbonates, concurrently basinal carbonates accumulated over areas of thinned crust (Le Roy et al., 2007) . During Late Cretaceous-Early Eocene an east-trending thrust belt developed, which formed an emergent thrust fan composed of Cretaceous strata that led to the formation of the western margin of the Veracruz Basin (Le Roy et al., 2007) . From the Early Eocene to the present, the emergent thrust belt has delivered sediment to the Veracruz Basin through steep streams (Le Roy et al., 2007) . Thus, the depositional setting along the western margin of the basin changes from incised fluvial systems to a deep marine character (Le Roy et al., 2007) . Through sedimentation and differential subsidence, the thrust front was buried by more than 8 km of Cenozoic sediments to the east of the basin (Sawyer et al., 1991; Padilla y Sánchez, 2007; Le Roy et al., 2007; Andreani et al., 2008) . Andreani et al. (2008) reported their results on the structural analysis of an area that includes the TVF. From structural data obtained in the field, analysis of satellite images and seismic profiles, they determined that the Veracruz Basin it is affected by at least three NW-SE major left lateral strike-slip faults that continue into the TVF. These NW-SE trending faults are, from north to south, the Sontecomapan fault, the Catemaco fault, and a broad NW trending faulted zone (the Tres Zapotes fault zone). They found that the relationship between topography and faults traces indicated sub-vertical fault planes for these faults. The Sontecomapan fault (Fig. 1) borders the Gulf coast with a surface trace poorly defined. The Catemaco fault is distinct and crosses the entire volcanic field. These faults are parallel to the conspicuous volcanic alignment of the field and are also associated with E-W trending secondary faults that they interpret as synthetic Riedel shears. Finally, these authors propose that the major NW-SE strike-slip faults, identified in the Veracruz Basin and the TVF, merge at depth and form a large transpressive flower structure, which they named the Veracruz Fault. Fig. 2 shows a cross-section, inferred by these authors from gravity modeling and seismic reflection data. The profile is approximately perpendicular to the coastline and the fault's strike, about 100 km NW from the center of the TVF. The figure shows the main fault system cutting the Oligocene and Miocene rocks of the Veracruz Basin. The stratigraphy under the TVF is similar to the latter, with Oligocene, and Miocene rocks under the volcanic rocks of the TVF (Rios Macbeth, 1952) . Andreani et al. (2008) found field and indirect evidence that the fault system runs across the TVF merging into a single fault beyond the city of Coatzacoalcos a few kilometers SE from the southern edge of the TVF.
The Tuxtla volcanic field
The structures described above are the framework through which the magmatic rocks of the TVF field were extruded. Andreani et al. (2008) suggest that the evolution of the TVF could be related to the development of the Veracruz fault during the last 5 Ma. The volcanic activity during Late Miocene to Pliocene covered the whole volcanic field and may be associated with several active faults. The rise of magmatic fluids would have been enhanced by the emplacement of small "pull apart" basins, small block rotations, or both. During the Quaternary, the volcanism was linked to a single alignment maybe as the result of the fault localization at depth.
The TVF field spans an area of approximately 2200 km 2 and is composed of primitive basanites, alkali basalts, mildly alkaline Hy-normative mugearites and benmoreites, calc-alkaline basalts, and basaltic andesites (Nelson et al., 1995) . These rocks were issued from five large volcanoes (Cerro El Vigía, San Martin Tuxtla, Sierra Santa Marta (composed of Santa Marta and Yohualtapan volcanoes), and San Martin Pajapan, 353 distinct cones, and 42 maars ( Fig. 1) . KobsNawotniak et al. (2010) carried out a statistical study of the distribution of vents in the TVF. They found that the maars and older cones showed anticlustered distributions indicative of spatial regularity while the youngest division of cones shows clustering in two general groups. The first, broader, group contains V. San Martin Tuxtla, while the smaller, more tightly concentrated group is located east of Lago Catemaco.
The eastern group has significantly smaller cones than the rest of the field and is also the site of the densest vent concentration in the TVF, reaching 2 vents per square kilometer. Aguilera Gómez (1988) and Nelson and Gonzalez-Caver (1992) obtained K-Ar ages of samples from several sites in the volcanic field. From these data, the latter authors concluded that the rocks to the NW of the field are younger (0.8 Ma-present) than the rest of the volcanic field (7 Ma-1.5 Ma). They informally termed those rocks as the Younger and Older volcanic series respectively (Fig. 1) . The rocks from these series fall in a broad range of the SiO 2 vs. Alkali plot, going from basanites and picro-basalts to benmoreitas (Nelson et al., 1995) . However, the set from the younger series falls mostly in the silica undersaturated range (i.e. picro-basalts and basanites). This characteristic is also found in the tephra and lavas of the 1793 eruption . The rocks from the older series, however, are dispersed over the range and include some calc-alkaline rocks. Nelson et al. (1995) found that the primitive magmas resulted from increasing degrees of melting while pressure decreased from greater than 30 kbar to 20 kbar in the garnet stability field. They also determined, in another set of alkali basalts and hawaiites, lower Ni and Cr concentrations and higher Fe/Mg ratios and concluded that they were derived from the primitive group by crystal fractionation at pressures of several kbar. On the origin of the TVF, Nelson et al. (1995) propose that it is related to the subduction of the Cocos plate, and point out the similarities with magmas found in back-arc regions. Other authors, however, have proposed that the TVF is a continuation to the south of the Eastern Alkaline Province (EAP), which is related to the tectonics of the Gulf of Mexico (Robin, 1976; Cantagrel and Robin, 1979) . Nevertheless, Nelson et al. (1995) found substantial differences between rocks of both suites and disagree on the belonging of the TVF to the EAP. Furthermore, in a study of the TMVB, Ferrari et al. (2012) propose that a pulse of mafic volcanism migrated from west to east, reaching the Gulf of Mexico by 7 Ma. This age coincides with the age of the inception of vulcanism at the TVF, suggesting that the origin of the TVF is linked to the evolution of the nearby TMVB.
Data
The gravity data were obtained from the database compiled for the construction of the Gravity Chart of Mexico (De la Fuente et al., 1994) . In this database, the information for Los Tuxtlas Region on the continent was contributed by PEMEX the Mexican oil company. The marine data set was one of the products of project CICAR, Cooperative Investigation of the Caribbean and Adjacent Regions (Moore and Del Castillo, 1974) . The data consist of the complete Bouguer anomaly reduced with an average density of 2670 kg/m 3 on land and the free air anomaly on the sea.
The elevations used were determined using three altimeters tied to the national geodetic network managed by the Instituto Nacional de Estadistica, Geografia e Informatica (INEGI). All the data in the Mexican charts are referred to the world's first order station at Ciudad Universitaria (main campus of the Universidad Nacional Autónoma de Mexico) in Mexico City and associated to the International Gravity Standardization Net 1997 and Geodetic Reference System 1967. The aeromagnetic data were obtained from the Servicio Geológico Mexicano (SGM), which makes them available to the general public (http://www.sgm.gob.mx). The data were collected with the equipment and procedures shown in Table 1 .
Methods

Reduction and transformations of the data
The data were interpolated with a linear variogram kriging method using commercial software (Surfer from Golden Software). The interpolated data were used to obtain a regular grid with nodes separated by 1 km. We separated the gravity anomaly into regional and residual components. The regional was obtained by filtering the data once with a 5 × 5 inverse to the distance low-pass filter using Surfer. The residual was derived by subtraction of the regional from the complete data.
The data provided by the SGM are the Residual Magnetic Field (RMF) attained through subtraction the IGRF-2000 (see Table 1 ). The RMF was transformed into other signals to facilitate the interpretation. Those transformations yielded:
1) The Reduction to the Pole (RTP), using the mean magnetic field intensity, inclination, and declination for 2004, the year in which the survey was carried out, the values used are listed in Table 1 . (e.g. Blakely, 1996; p.330) . 2) The Analytic Signal (AS), the amplitude of this signal is the square root of the sum of the squared orthogonal gradients of the total magnetic field. This transformation enhances the edges of the magnetic bodies where the signal peaks (e.g. Blakely, 1996; p.350) .
3) The upward continuation to filter high-frequency anomalies caused by shallow sources so as to enhance anomalies caused by deeper sources (Blakely, 1996; p. 313) .
Also, for both signals, we obtained the radial power spectrum (RPS), which consists of the spectrum averaged over several azimuths. The RPS is related to the depth (h) of a causative body by the relation (e.g. Spector and Grant, 1970; Pal et al., 1979; Dimitriadis et al., 1987) :
where s is the slope of a line fitted to the data in a plot of the logarithm of the spectral power vs. wavenumber (k). All of the transformations were made using the commercial software Oasis Montaj from Geosoft Inc.
Inversion of the Bouguer gravity data
To obtain a density model fitting the gravimetric processed data, we used an inversion procedure developed by Rao et al. (1999) . In this method, one considers that the gravity anomalies are due to heterogeneities of mass above a certain level. Rectangular prisms model the mass distribution with a given density contrast with the medium. The vertical attraction produced by each prism is computed at every grid point. The values obtained are compared with the observed values and iteratively optimized equating the differences to the algebraic sum of the products of the vertical gradients of gravity effects of prisms and increments to their thicknesses. Rao et al. (1999) include in their publication the Fortran codes to perform the described procedure; we used these codes to invert our gravity data.
The results of the inversion are given as depths to the top of the prisms in the grid. The values are placed at every grid point, which is the center of the prism, and contoured. We applied this method to both, the regional and residual, with a grid 26 × 16, corresponding to a spacing 8. . Those values provide some constraints on the choice of densities, but given the simplicity of the model, which requires average densities for the main contrasting bodies, we proceeded by adjusting the density contrast until a good fit between observed and computed anomalies, in an area not affected by edge effects, was achieved.
Results
Gravity and magnetic anomalies
The TVF shows conspicuous gravity and magnetic signatures covering roughly the same areas associated with the main volcanic lineaments and the largest volcanoes of the field. The gravity signature (Fig. 3) is an oblong positive anomaly with most of its extension on land although extending into the sea. The anomaly has a long axis oriented N40W and peaks at 135 mGal roughly at its center. From the peak values to the 0 mGal contour the anomaly is nearly 160 km long and 90 km wide with radial horizontal gradients averaging about 3 mGal/km. Fig. 4 shows the radial power spectrum of the Bouguer anomaly and the fitted straight line to the low frequencies. The average depth for small wavenumbers is about 29 km while for the residual the average value is about 7 km. These figures served as a guide to verify the separation regional-residual and the inversion of the data.
The regional component of the anomaly is also oblong with a long axis located roughly along the Sontecomapan Fault (Fig. 5) . The excess mass related to the regional is of the order of 3.5 × 10 16 kg. The long axis of the regional also approximates the direction of a lineament formed by the main volcanic centers in the TVF namely: San Martin Tuxtla, Santa Marta, and San Martin Pajapan, accompanied by several other cones. The Catemaco and Sontecomapan Faults also follow this direction (Andreani et al., 2008) . The residual shows four isolated anomalies with peaks close to the traces of the Catemaco and Sontecomapan Faults (Fig. 6) . Three of the main volcanoes are located on the slopes of these positive anomalies. The exception is San Martin Tuxtla, the volcano that has been through the most recent stages of activity, is located close to a relative negative anomaly. The excess mass computed from the residual is 6 × 10 15 kg.
The RMF (Fig. 7) shows the characteristic dipolar magnetic anomalies. To facilitate their interpretation in Fig. 8 we present the RTP. Fig. 9 displays the radial spectrum for the aeromagnetic data constructed from the RTP, which yields a depth to a causative body of about 5.8 km for the long wavelengths derived from the fitted straight line shown in the figure. The RTP indicates that the TVF is contained in a single aeromagnetic domain (AMD I), which extends in the NW-SE direction for about 116 km and is 61 km wide. It is made up of several magnetic anomalies with wavelengths varying from 1632 m to 6032 m (average 3354 m), and magnetic intensities ranging from 418 nT to 2245 nT, (average: 374 nT). It is also associated to horizontal gradients from −0.9318 nT/m to 0.7525 nT/m (average: −0.00017 nT/ m). A comparison with the surrounding areas shows that they define magnetic domains albeit of very different characteristics (AMD II and AMD III). Fig. 10 displays the 1 km upward continuation of the AS showing more clearly the contours of superficial source bodies; with the main volcanoes appearing over the geomagnetic highs. Fig. 11 shows the RTP continued 10 km upwards, thereby highlighting the long period components of the magnetic signal. This anomaly covers an area overlapping the area covered by the regional gravity anomaly but differs in shape from the latter while their peaks do not coincide. Notice that the main volcanoes are close to the anomaly peaks but not at their summits.
In the RTP, the Santa Martha and San Martin Pajapan volcanoes are clearly associated with the same elongated source, trending WNW-ESE with a long and short axis 24 km and 14 km long, respectively. The estimated average depth is 7 km, and the intensity of magnetization varies from 2223 nT (Sta. Martha) to 1899 nT (San Martin Pajapan). The Cerro del Vigía volcano is located on the SE margin of a roughly circular anomaly with an average radius of 23 km. The summit of Cerro del Vigía is 1.6 km from the center of the anomaly and has an intensity of 1568 nT. San Martin Volcano lies 21 km to the NW of the center of an elongated anomaly about 23 km long and 9 km wide. The anomaly trends NW-SE with a magnetization of 509 nT. 
Inversion of Bouguer gravity data
Because of the inherent ambiguity in the models fitting data from potential fields, the first consideration concerns the depth to the anomaly's source. The gravity anomaly of the TVF is an isolated positive anomaly consisting largely of the regional. The residual is due to a mass of one order of magnitude smaller than the mass producing the regional as stated in the above section. Therefore, we consider first the depth to the source producing the regional. Since the TVF is covered by basaltic volcanic rocks, a look at the anomaly would lead to thinking that it is associated with such deposits. However, most of these materials were deposited during strombolian eruptions and consist of vesicular scoria, which due to the tropical weather in this region is highly altered; thus, its average density is not high in spite of its composition. This feature is in agreement with the results of Cordoba Montiel et al. (2014) who found anomalous slow velocities for surface waves at periods in the range 5 to 15 s, which suggests a medium of lower density in the upper crust. A more direct indication of the depth of the top of the source is provided by the radial spectrum of the anomaly, as stated in Section 5.1.
From the above considerations, we model the regional anomaly assuming an anomalous mass intruding above the 34 km Moho interface determined from Receiver Functions . Similarly for the residual, we assume bodies of contrasting density intruding above depths of 14 km. The density contrast that allowed a reasonable fit between observed and computed anomalies was 800 for the regional and 620 kg/m 3 for the residual.
The inversion was performed at nodes far from the margins of the study area to avoid edge effects. Figs. 12 and 13 display the inverted density models and Figs. 14 and 15 the computed anomalies for the regional and residual, respectively. The average and standard deviation between the observed and computed anomalies for the regional is 1.38 mGal and a maximum absolute difference of 8.92 mGal. For the residual, we obtained 1.10 mGal and a maximum absolute difference of 1.53 mGal. The model of the regional (Fig. 12) shows two main bodies. The largest is an elongated body 80 km long 20 km wide with an almost flat top 16 km deep, and gentle slopes falling to depths of 22 km. The major axis of the body is bent at the middle, which geographically coincides with the northern margin of the Catemaco Lake and the southern margin of the Young Series of Nelson and Gonzalez-Caver (1992) . The north of the axis trends N30 W and its south N60 W. The latter is contained between the Sontecomapan and Catemaco Faults while the former continues from this area into the sea. Sierra Santa Martha and San Martin Pajapan are located on top of the major body while San Martin Tuxtla is placed on its slopes. The second body is an oval shaped body about 12 by 5 km in shape with its long axis oriented N30 W as well. Its top is 16 km deep, and Cerro Vigia lies about 12 km to the SW of the center of the body's top. The model of the residual (Fig. 13a) shows four isolated bodies nearly equant with tops 6 km deep. All of the large volcanoes are located at the projection on the surface of the slopes of the inferred bodies, which show summits situated close to the Catemaco and Sontecomapan Faults. The deepest parts of the bodies lie 20 km below the surface or about the depths of the lower body.
Discussion
The peculiarities of the TVF volcanic field are manifold. From a geophysical point of view, the gravity and geomagnetic signatures reveal the presence of a body of positive contrasting density that can be interpreted as a magmatic intrusion. In this regard, it is worth considering the work of Thybo and Artemieva (2013) who, in their study of the geophysical evidence of underplating, remark that the latter was proposed as the process of magma ponding at the base of the crust as inferred from petrologic arguments. They considered that as a process of addition of high-density material to the lower crust, there is no difference between the traditional concept of underplated material and lower crustal magmatic intrusions. In their study, these authors give several examples of various tectonic environments. By and large, the presence of these bodies is revealed by seismic techniques but also from gravity data. Thus, in this sense, we suggest that the process at the TVF is that of underplating. This process not only adds material to the lower crust but also to the upper crust by different processes such as differentiation (Thybo and Artemieva, 2013) . In addition to the evidence from the potential data, it is interesting to note that close to the shoreline at the TVF, outcrops of pillow lavas, probably of the old series, are exposed several tens of meters above mean sea level. These structures suggest uplifting of the area possibly due to the intrusion of magma at the base of the crust, a mechanism associated with underplating.
However, the sole presence of a magmatic body does not explain the characteristics of the volcanic field. The Veracruz Fault system also contributed to the construction of the TVF as proposed by Andreani et al. (2008) . It is possible, however, that the participation of the fault system took place mainly in the upper part of the crust, which coincides roughly with the layer above the intracrustal interface determined by ZamoraCamacho et al. (2010) . Two pieces of information suggest this interpretation; the first is the depth of the causative body found for the magnetic anomaly. This anomaly stems probably from the bottom of the upper crust, and the top of the lower intruding body where magma was distributed throughout the upper crust through the fault system and associated Riedel faults. In this context, it is worth noting that the distribution of cones in the TVF, in addition to the conspicuous NW-SE trending, also shows an E-W trend revealed by a rose diagram of vent alignments (Kobs-Nawotniak et al., 2010) . The faults are weak zones that offer a path to the magma batches; even if not traveling through them, they can affect such paths as shown in analog laboratory experiments (Le Corvec et al., 2013a; Daniels and Menand, 2015) . Thus, the summits of the gravity and long wavelength magnetic anomalies mark the site where the head of large magma batches have intruded into the crust. The conduits feeding the large volcanoes have been controlled subsequently by the fault system forming the volcanic edifices at some distance from the peaks in the signals.
The second fact is related to the research carried out in continental basaltic fields undergoing extension. These studies indicate that for those fields, the distribution of monogenetic vents is linked to the mechanical layering of the crust (Mazzarini, 2007) . Thus, vents tend to cluster according to a power-law distribution defined over a range of lengths approximating the thickness of the fractured medium, which in many cases would correspond to the crust (Mazzarini, 2007) . However, for the TVF an analysis of the fractal dimensions of vent spacing indicates that self-similarity holds over the search radii 0.8-12.6 km, indicating that the structures associated with magma rising are traceable to a depth of approximately 12.6 km (Kobs-Nawotniak et al., 2010) . These depths are of the order of magnitude of the intracrustal interface found by Zamora-Camacho et al. (2010) and some 4 km above the top of the density anomaly modeled with the regional Bouguer anomaly. It is of interest to note that the depths inferred for the long wavelengths of the magnetic data are of the same order as those for the gravity residual, and both suggest that the distribution of the magma took place mostly through the upper crust. The major peaks in the magnetic and residual anomaly roughly coincide, but more detail is given by the aeromagnetic signal (for instance in the AS of Fig.10 ) because the susceptibility of the deposits is more contrasting than their density.
The role of the Veracruz fault system is not a surprising finding since it is known that the distribution of volcanoes is controlled not only by the availability of magma but also by the tectonic structures in the field. Such relationship has been proved in several volcanic fields (e.g. Tibaldi, 1995; Le Corvec et al., 2013b; Barde-Cabusson et al., 2014) and the case of the TVF can be added to these examples.
Conclusions
The gravity and geomagnetic anomalies from the TVF are circumscribed to the TVF. The regional component can be explained by a high-density density source body extending from the Moho to depths of about 16 km below sea level. The short wavelength positive gravity anomalies can be interpreted as due to shallow source bodies with tops about 6 km deep. These are probably the conduits feeding the principal volcanoes, which are located close to the peaks of the bodies. The short wavelength components of the magnetic anomalies also exhibit local maxima associated with the main volcanoes in the area. However, in the long wavelengths that prevail in the 10 km upper continuation of the RTP, the main volcanoes appear on the slopes of the maxima. The displacement between the highs in the long wavelength gravity and magnetic anomalies and the location of the large volcanoes suggest that the fault system strongly influences the emplacement of the volcanoes.
